Anorectal manometry and sphincter electromyography were performed in 23 patients with complete supraconal traumatic spinal injuries and 30 age and sex matched control subjects. Basal pressures in the spinal group were similar to those in normal subjects but conscious control of sphincter activity was abolished in all spinal patients. Discriminant rectal sensation was also abolished during rectal distension, but 40% of patients experienced a dull pelvic ache at maximum levels of distension. Phasic rectal contraction and anal relaxation were present but exaggerated and induced at lower distending volumes than in normal subjects. 
Basal pressures in the spinal group were similar to those in normal subjects but conscious control of sphincter activity was abolished in all spinal patients. Discriminant rectal sensation was also abolished during rectal distension, but 40% of patients experienced a dull pelvic ache at maximum levels of distension. Phasic rectal contraction and anal relaxation were present but exaggerated and induced at lower distending volumes than in normal subjects. The configuration of the rectal pressure/volume relationship was linear in patients compared with a reversed 'S' shape in normal subjects. The external anal sphincter response to rectal distension was noticeably attenuated, reinforcing the view that this spinal reflex is heavily modulated by supraspinal centres under normal circumstances. The external anal sphincter response to increases in abdominal pressure was also attenuated, and the anal pressures were strongly correlated with the level of the lesion and the abdominal pressure the patient could generate. No spinal patient showed a decrease in external anal sphincter activity during straining 'as if to defecate. ' The exaggerated anorectal smooth muscle responses to rectal distension and the attenuated external sphincter response explain why patients with complete supraconal spinal lesions experience uncontrollable reflex defecation, while the persistance of external anal sphincter contraction and the absence of any external anal sphincter relaxation during straining 'as if to defecate' might explain the difficulty that these patients have in consciously expelling rectal contents. (Gut 1922; 33: 1532 -1538 One of the most distressing aspects of spinal injury is an inability to regulate bowel function. Patients with complete supraconal lesions lose conscious control of defecation. Although they may be able to defecate reflexly by anorectal stimulation, evacuation is often inefficient and incomplete, resulting in a high incidence of constipation and faecal incontinence. ' A number of studies have investigated the disorders of defecation in spinally injured people,2-8 but most involve patients with incomplete lesions at different sites and caused by different mechanisms."7 In a previous study from our unit,7 we found that although patients with incomplete supraconal lesions retained the ability to contract their sphincters, damage to the long sensory and motor pathways was evident in the weak squeeze pressures and blunted rectal sensation. In addition the external anal sphincter response to rectal distension and increased intraabdominal pressure was often enhanced in patients compared with normal subjects, rectal compliance was abnormally low, anal relaxation and rectal phasic contractile responses to rectal distension were exaggerated, and there was no rebound increase in JR   28  M  C7  MT  49  M  C7   JR   25  M  T 1   JG   35  M  T3  PE  25  M  T4  DB  32  M  T4  GG  31  M  T5  PE  36  M  T5  SR  18  F  T5  BO'D   22  F  T6  PY  32  M  T6  SH  28  M  T6  MC  20  M  T6  AF  28  M  T6  JS  32  F   T1O   VS  33  M   Tll   LD  34  F   Tll   SC  26  M  T12  HE  40  M  T12  RZ  32  F  T12  AK After insertion of the tube, anorectal motility was measured under resting conditions for 20 minutes. Subjects were then asked to carry out the following manoeuvres: (1) maximum voluntary contraction of the sphincter for 20 seconds; (2) strain as if to defecate for at least five seconds; and (3) increase intra-abdominal pressure by forcibly expiring against a resistance (blowing up a party balloon). Each manoeuvre was repeated after a gap of one minute. After a rest of five minutes the rectal balloon was serially inflated with 10, 20, 40, 60, and 100 ml of air (intermittent inflation). Each inflation was maintained for one minute and separated by a gap of at least one minute from inflation with the subsequent volume. After a further rest period of 10 minutes the balloon was inflated with water at a constant rate of 50 ml/minute using a peristaltic pump (Minipuls 3, Gilson 312, Villiers Le Bel, France) (ramp inflation).
ANALYSIS OF RECORDS
The resting record was analysed to determine the highest pressure recorded in the anal canal after insertion of the probe (maximum basal pressure) and then 20 minutes later, after it had achieved a stable baseline (minimum basal pressure). The presence or absence ofincreases in anal pressures and external sphincter electromyographic activity during a maximum squeeze, straining 'as if to defecate,' and forcibly expiring against a fixed resistance (blowing up a party balloon) were noted, and where relevant the responses quantified.
During intermittent rectal distension, the following indices were recorded:
(1) The number and amplitude of rectal contractions recorded 15 cm from the anal verge. (A rectal contraction was defined as a pressure increase of more than 5 cmH2O sustained for at least three seconds).
(2) The lowest anal pressure achieved during anal relaxation (residual pressure) and the duration of relaxation.
(3) The occurrence and duration of external anal sphincter activity during rectal distension.
The following indices were recorded during ramp inflation: (1) the rectal pressure/volume relationship (pressures recorded during inflation of the balloon outside the body were subtracted from the values obtained in situ); (2) the frequency and amplitude of rectal contractions; (3) maximum distension volumes. In normal subjects inflation was ceased when pelvic discomfort was experienced. In the spinal patients, the maximum distension volume was taken to be either when the patients experienced autonomic symptoms or when the balloon was expelled automatically.
The statistical significance of the differences in pressure obtained was assessed using analysis of variance followed by Sheffe 
CONSCIOUS CONTROL OF THE EXTERNAL SPHINCTER
All normal subjects could control their external sphincter at will, producing a rise in pressure (maximum squeeze pressure=238 (18) cmH20) and an increase in electromyographic activity of the external sphincter. In contrast, none of the spinal patients produced an increase in anal pressure or an increase in external anal sphincter activity when asked to contract their sphincter. Integrated EMG than in controls (Fig 1) and varied according (Fig 2) .
Straining
Increasing intra-abdominal pressure by straining as if to defecate in control subjects produced a variety of anal pressure waveforms incorporating both anal contraction and anal relaxation (Table  II) , and corresponding with the external anal sphincter myoelectrical activity. The anal pressure profile in spinal patients always resembled that seen during rises in intra-abdominal pressure caused by inflating the balloon and did not show any anal relaxation or reduction in external anal sphincter activity.
The increases in anal and rectal pressure induced by straining were both significantly less in spinal patients than normal controls (anal pressures: spinal patients 44 (6) cmH2O, controls 103 (8) cmH2O, p<005; rectal pressures: spinal patients 46 (9) cmH2O, controls 62 (5) cmH2O, p<0 05).
RESPONSES TO RAMP DISTENSION OF THE RECTUM
Rectal sensation Normal subjects experienced a range of sensations during inflation of a rectal balloon, starting with an initial perception at volumes of around 10 ml and ranging through sensations of wind and desire to defecate to pain when the inflation was stopped. Fourteen patients with complete supraconal lesions did not report any sensation during rectal distension, the remaining nine reported a non-specific pelvic sensation that did not prevent further inflation of the rectal balloon. None of the four patients with cervical lesions experienced pelvic sensation. (Fig 4) . Similarly, the duration of anal relaxation was greater at low distension volumes in spinal patients compared with controls ( Fig  5) . On inflation with 100 ml, 19 of the 23 spinal patients (83%) had maximal anal relaxation for the full 60 seconds of rectal distension compared with only 10 (33%) of the control group (p<0 02). There was no relationship between the level of the spinal lesion and the responses of the internal anal sphincter to rectal distension.
In normal subjects, the internal anal sphincter showed anal pressure increases upon deflating the rectal balloon that exceeded the predistending values (rebound response). The duration and amplitude of rebound pressure increased as the distension volume increased. This phenomenon was observed in only 4 of 23 spinal patients (p<0.001 compared with normal) but the duration was shorter and the amplitude was * smaller (Fig 6) . All four patients had cervical lesions.
External anal sphincter responses
The external anal sphincter responses to inter--+ mittent rectal distension were noticeably attenuated in spinal patients compared with normal subjects. In spinal patients, rectal distension caused an immediate increase in external anal sphincter activity, which never lasted longer than 10 seconds (Fig 6) . In normal subjects, the -~i duration of the external anal sphincter response was closely related to the duration of rectal 90 100 contraction and the duration of rectal sensation and increased as the distending volume increased.
tum with air veen normal Rectal contractions In normal subjects, rectal distension at lower volumes induced an initial pressure rise followed --~-~by a plateau, but at higher distending volumes (>60 ml) two normal subjects showed repetitive rectal contractions that were compensated for by increased external anal sphincter activity (Fig 7) . In all spinal patients the distension evoked uninhibited giant rectal contractions (pressure rise >40 cm H2O persisting for 10 seconds or longer) (Fig 8) . The amplitude of these contractions became larger as the distending volumes increased (Fig 8) . Giant contractions were always associated with enhanced internal anal sphincter relaxation and induced spontaneous balloon evacuation in nine patients (40%) (Fig 7) . Giant rectal contractions were never seen in normal .
subjects Rectal distending volume (ml) Figure 8 : The amplitude ofgiant rectal contractions during rectal distensionfrom 10 to 100 ml in spinalpatients and the percentages ofpatients who exhibited this phenomenon. Note that the ampitude ofcontractions became larger as the distending volumes increased and more patients exhibited such giant contractions. sympathetic influence to the anorectum is abolished in spinal patients. Since the tone of the internal anal sphincter is normally modulated by its sympathetic nerve supply,'2 the observation that the minimum basal pressure is no lower in spinal patients than in normal subjects suggests persistence of a tonic sympathetic influence on the internal anal sphincter, supporting previous studies,45 and probably mediated via autonomous activity of the inferior mesenteric ganglion. '6 Although the spinal patients had no specific rectal sensation during rectal distension, almost half of them experienced a dull pelvic sensation at maximum distension. The origin of this is unclear, although it could derive from afferent impulses conveyed to the brain along sympathetic nerves that enter the thoracic spinal cord above the level of the lesion. The absence of pelvic sensation in the four patients with cervical lesions supports this interpretation.
The external anal sphincter response to rectal distension is very closely associated with both rectal sensation and rectal contraction in normal subjects,'7 and presumably acts to prevent soiling. This response is either absent or very much attenuated in patients with supraconal lesions. This would explain the much lower residual pressures. It would also facilitate reflex defecation and predispose to faecal incontinence. These observations support previous conclusions that the external anal sphincter response to rectal distension is a spinal reflex,'2 that has become extensively modulated by conscious mechanisms.
Comparison of the results of this study with those from our previous study shows that the major differences in anorectal function between patients with complete supraconal lesions and those with incomplete lesions are the almost complete loss of rectal sensitivity and the ability to contract the sphincter at will. Patients with complete lesions are also unable to generate such high abdominal pressures. Thus while patients with incomplete lesions retain some control of sphincter function, which can be enhanced by training, those with complete lesions have no control, are at the mercy of often unpredictable reflex defecation, and are best treated by transection ofthe dorsal sacral roots followed by manual evacuation or spinal stimulation, or both. 5 
